ABSTRACT. The objective of this study was to obtain annual odor emission profiles from different swine production buildings. Odor emissions were measured from two gestation, two farrowing, four nursery, and three finishing rooms. The measurements were taken monthly from March to November 2003 and in January and March 2004. The results showed that odor concentrations from all types of swine barns varied over the year (P < 0.05); the odor concentrations were high in winter and low in summer and were related to ambient temperature (P < 0.01 dor emissions from livestock production facilities have caused public concerns because of their impact on the air quality of nearby areas. To minimize this negative impact, determining science-based setback distances has become an urgent need. Most existing setback distance models in Europe, Australia, the U.S., and Canada are experience-based, such as the Austrian and Ontario MDS guidelines (Guo et al., 2004) . For over two decades, researchers have studied and developed air dispersion models to predict odor concentrations downwind from animal sites in order to determine reasonable setbacks (Janni, 1982; Carney and Dodd, 1989; Smith, 1993; Chen et al., 1998; Zhu et al., 2000a; Guo et al., 2001 ). The Minnesota OFFSET setback model determines the setback distances by using an air dispersion model and source odor emission rates, acceptable odor intensity level, and historical weather data (Jacobson et al., 2000) . However, air dispersion models have not been well accepted for setback distance determination yet; one of the main reasons for this lack of acceptance is the limited odor emission data available from livestock production facilities to be used in the modeling.
not been well accepted for setback distance determination yet; one of the main reasons for this lack of acceptance is the limited odor emission data available from livestock production facilities to be used in the modeling.
Source odor emission rates are the basic data needed for odor dispersion modeling. However, these emissions change constantly with changing animal mass and number and with outside weather conditions. None of the existing setback models or odor dispersion models considers diurnal and seasonal variation in odor emission rates. Odor emission rates have been measured more or less randomly during specific time periods (Heber et al., 1998; Lim et al., 2001; Jacobson et al., 2000; Verdoes and Ogink, 1997; Klarenbeek, 1985; Wood et al., 2001; Zhou and Zhang, 2003; Zhang et al., 2005) . Great variations in odor concentrations and emission rates have been measured in each study and among different studies (Wood et al., 2001) . The means or geometric means of the limited measured odor emission rates for each type of odor sources were used as representative values in odor dispersion and setback modeling without considering the diurnal and seasonal variations (Zhu et al., 2000a; Jacobson et al., 2000; Lim et al., 2000) . To use appropriate odor emission rates for odor dispersion modeling and setback determination, the variation in seasonal and diurnal odor emission needs to be identified.
OBJECTIVE
The objective of this study was to measure annual variations of odor concentrations and emission rates of different commercial swine production buildings (breeding/ gestation, farrowing, nursery, and growing/finishing) under Canadian Prairie climatic conditions and to develop prediction models for odor concentration and emission based on the experimental measures obtained.
O MATERIALS AND METHODS

SWINE PRODUCTION FACILITIES
The study was conducted at three separate sites of a 5,000-sow farrowing-to-finishing operation located in a flat rural area of eastern Saskatchewan, Canada. The three sites were: farrowing site (5,000 sows, one gestation and one farrowing barn, and one two-cell earthen manure storage (EMS)), nursery site (19,200 nursery pigs, four barns, and one two-cell EMS), and finishing site (11,550 feeder pigs, one barn, and one two-cell EMS). The gestation barn on the farrowing site had five rooms of different sizes. The farrowing barn had 28 identical rooms with 32 crates per room. The nursery site had 32 identical rooms, while the finishing barn had 10 identical rooms. Different types of rooms from the three sites were selected for this study including two gestation, two farrowing, four nursery, and three finishing rooms. The specifications of these rooms are given in table 1. These rooms were all mechanically ventilated by wall-and ceiling-mounted exhaust fans. The manure handling systems of these rooms were the same, with liquid manure stored in under-floor shallow pits and then removed to the outdoor EMS once every two to four weeks. Pig diets consisted primarily of barley, wheat, and peas.
ODOR EMISSION MEASUREMENT
Odor emissions from the building sources were measured for one year: once a month from March to November 2003, and less frequently during the winter in January and March 2004. All measurements from all odor sources in each month were taken on the same day, which made the odor emissions comparable for all sources. The measurement day was intended to be on the same day of each month. However, due to the Olfactometry Laboratory schedule and unavailability of laboratory service on the weekends, the actual measurement days were between the 19th and 25th day of each month. Therefore, the measurement results represented odor emissions in the same period of each month, which made the results comparable among different months of the year.
All measurements were taken during the daytime between 09:00 and 16:00 h. For each room, two identical air samples were collected from an exhaust fan using two 10 L Tedlar sampling bags (SKC, Inc., Eighty Four, Pa.), a custom-built vacuum box and an air pump, and Teflon FEP tubing (Cole-Parmer, Vernon Hills, Ill.). One air sample was used for odor concentration measurement, while another for carbon dioxide concentration measurement.
The samples were transported to the Olfactometry Laboratory, University of Alberta, Edmonton, Alberta, Canada, and analyzed for odor concentration, i.e., odor detection threshold, within 30 h of collection. An eight-port olfactometer with eight trained panelists was used for odor concentration measurement. The triangular forced-choice method was used to present samples to the panelists (CEN, 1999) . The panelists were selected and re-evaluated periodi− cally following the procedure of CEN (1999). For each olfactometry session, data were retrospectively screened by comparing panelists' individual threshold values with the panel average (CEN, 1999) . All samples from each month were measured by the same panel. Odor concentration was reported in odor units per cubic meter (OU/m 3 ).
Two methods were used for obtaining the ventilation rates of the rooms: the fan method, which tallies the airflow rates of all fans, and the CO 2 mass balance method (Albright, 1990) . For the fan method, the speed of all fans and the negative pressure of a room were measured, and then fan performance testing results from the manufacturer or fan testing organization (Prairie Agricultural Machinery Institute, Humboldt, Saskatchewan, Canada) were used to obtain the airflow rates of the fans. The fan speed was measured with a Shimpo DT-207L tachometer (accuracy: ±1 rpm for 6 to 8,300 rpm, Netech Corp., Hicksville, N.Y.), and the static pressure was measured with a VelociCalc Plus thermoanemometer (accuracy: ±1% of reading, TSI, Inc., Shoreview, Minn.) .
For the CO 2 mass balance method, the CO 2 gain of a room from the incoming air (345 ppm) and the CO 2 produced by the animals is equal to the CO 2 loss through the exhaust air. The CO 2 produced by the manure was considered negligible. The room CO 2 concentration was measured directly from the air samples immediately after the samples were collected. CO 2 concentrations lower than 3,000 ppm were measured by a Guardian Plus infrared gas monitor (accuracy: ±2% for 0 to 3,000 ppm, Edinburgh Sensors, Ltd., Hingham, Mass.), and CO 2 concentrations over 3,000 ppm were measured by gas chromatography in the Soil Science Laboratory, University of Saskatchewan. Pig number and weight were recorded for each room. The total CO 2 loss from a room was the difference in the CO 2 concentrations of the exhaust and incoming air multiplied by the ventilation rate. Room and outdoor temperature and relative humidity were also recorded.
The odor emission rate of a room (OU m −2 s −1 ) was obtained by multiplying the odor concentration and ventilation rate. The odor concentration of the incoming air was assumed to be negligible.
STATISTICAL ANALYSIS
All data were subjected to an analysis of variance using SAS (1999) . Data from different types of production rooms and measurement months were pooled and analyzed as repeated measurements using the mixed model (PROC MIXED). The different types of rooms were treated as the main factor, and measured months were treated as the subfactor. Due to the interaction of the types of rooms with the measurement months, the data for each type of room were analyzed separately using the general linear models (PROC GLM). Correlation and regression analysis among measured variables were conducted using the PROC CORR and REG procedures of SAS. Both treatment effects, correlation coef− ficients, and regression coefficients were considered significant at P < 0.05. All data used in the statistical analyses used normal scale, i.e., odor concentration in OU/m 3 and odor emission rate in OU m −2 s −1 or OU s −1 . However, when the statistical analysis results regarding mean odor concentrations and emission rates of each type of room or of the same room over the year were presented, geometric means were used (CEN, 1999) .
RESULTS AND DISCUSSION ODOR CONCENTRATIONS AND EMISSIONS
Gestation Rooms
Measurements for the gestation rooms were taken in the morning between 09:00 and 12:00 h. Figure 1 shows the results throughout the year for gestation room G1. The room temperature ranged from 17.0°C to 26.3°C, while the outside temperature was between −22.3°C and 23.3°C ( fig. 1a ). CO 2 concentration showed large seasonal variation, ranging between 720 ppm in August to 4,435 ppm in January. Odor concentration followed a similar seasonal pattern, with the lowest value (536 OU/m 3 ) in May and the highest value (4,993 OU/m 3 ) in January. The warm season from May to October had low odor concentrations, ranging between 536 and 891 OU/m 3 , while during the cold season from November to April, the odor concentrations were high, ranging between 1,967 and 4,993 OU/m 3 . Figure 1b gives the ventilation rate of room G1 obtained by the fan and CO 2 methods. The ventilation rates obtained by the fan method were much higher than those obtained by the CO 2 method (annual means of 22.4 and 5.3 m 3 /s, respectively). Similar results were obtained from all the other rooms. The fan method may have an uncertainty of about 15% due to dust buildup and power supply variations. The CO 2 method has an unknown uncertainty. One reason is that the CO 2 production rates of pigs were measured in the late 1950s (ASAE Standards, 2004) . Animal breeds, diets, and production systems have changed over the years; therefore, the CO 2 production rates may have also changed. Another reason is that the CO 2 produced by manure stored in the room was unknown and assumed negligible as compared to that produced by animals. Hence, the ventilation rates obtained by the fan method were used for the purpose of determining odor emission in this study. The ventilation rate of room G1 varied between 5.6 m 3 /s in January and 52.6 m 3 /s in May when the measurements were taken.
Figures 1c and 1d summarize the odor concentrations and emission rates of both gestation rooms. For room G2, data were missing in April due to leaking bags and again in January because the wall-mounted fans were not operating due to the low ambient temperature and the research team was not prepared to access the chimney fans for sampling. Similar seasonal profiles of odor and CO 2 concentrations were observed in both rooms; however, the odor concentration in room G2 was much lower. For room G2, CO 2 ranged from 640 to 2,935 ppm, while odor concentration ranged from 71 to 812 OU/m 3 . The reason for the much lower odor concentration throughout the year in room G2 than in G1 was not clear. The ventilation capacities of the two rooms were the same (0.085 m 3 s −1 pig −1 ), and the average pig weight per unit area was much higher in G1 than in G2 (120 and 59 kg/m 2 , respectively). One possible reason was that some incoming air to G1 might have been drawn from the two adjacent gestation rooms by infiltration; this would reduce the amount of fresh air coming to G1. In contrast, G2 had three exterior walls, and only one interior wall was shared with another gestation room.
The odor emission rates in both rooms varied over a large range (5.6 to 40.2 OU m −2 s −1 for G1, and 1.4 to 15.1 OU m −2 s −1 for G2). There was no apparent seasonal pattern. Although the temperature was high during the summer, which resulted in a higher ventilation rate, the odor concentration was low; therefore, the odor emission rates, which are the product of the ventilation rate and odor concentration, were not the highest of the year. Although the ventilation rate was low during the cold season from November to March, the odor concentration was high, so it did not result in a lower odor emission rate. Table 2 lists the annual geometric means of odor concentration and emission rate for each room and the statistical analysis results for comparison of the rooms within each type of barns. The temperature and total animals in a room in terms of animal unit (1 animal unit = 500 kg of live mass of animals) are also given. The results indicate that the two gestation rooms were significantly different in odor concentrations and emissions (P < 0.05). The standard deviations were also noted to be very large, which reflected the high variations of odor concentrations and emissions throughout the year. Table 3 lists the geometric means of the rooms in each type of barn on different measurement dates and the statistical comparison of the measurements taken throughout the year. It indicates that the odor concentrations and emissions of the gestation rooms were significantly different throughout the year (P < 0.05). Odor concentration generally increased with decreasing ambient temperature, but the changes in the odor emission rate seemed not to be related to ambient temperature. The correlations of odor concentration and emission with ambient temperature and other related factors are discussed later.
Farrowing Rooms
Measurements for the two farrowing rooms were taken in the morning between 09:00 and 12:00 h. The two rooms had similar room temperatures, ranging between 17.0°C and 27.2°C. Seasonal patterns of odor and CO 2 concentration were similar to those found in the gestation rooms. Figure 2a shows the odor concentrations for both rooms. Odor concentration ranged from 457 to 4,752 OU/m 3 , while CO 2 concentration varied between 620 and 2,750 ppm. The ventilation rates of the two rooms varied from 1.8 m 3 /s in January to 5.8 m 3 /s in July. Figure 2b depicts the odor emission rates from the rooms. The rooms did not show an obvious seasonal pattern, like that for odor concentration. [a] Means for each type of rooms were from two gestation, two farrowing, four nursery, and three finishing rooms, respectively. Means followed by the same letter in a column above the last two rows are not significantly different (P > 0.05). [b] The four means of odor concentrations or odor emission rates in this row followed by the same letter are not significantly different (P > 0.05). 
Figure 2. Odor concentrations and emission rates for the farrowing rooms.
The lowest value was 10.2 OU m −2 s −1 in June and September, and odor emission rate peaked in October and January at 57.6 OU m −2 s −1 . Statistical analysis indicated that there were no significant differences between the two rooms for odor concentration and emission rate (table 2; P > 0.05). Table 3 indicates that odor concentrations and emissions of the farrowing rooms were significantly different throughout the year (P < 0.05).
Nursery Rooms
Measurements for the nursery rooms were taken in the early afternoon between 12:00 and 14:00 h. The weights and ages of pigs in the different nursery rooms at different times of the year were usually different, and the required room temperatures varied with the age of pigs. The room temperature varied from 18.5°C to 30.9°C. Odor concentration was also high in winter and low in summer ( fig. 3a) , as was CO 2 concentration. The odor concentration ranged from 476 to 8,605 OU/m 3 , while CO 2 concentration varied between 685 and 7,340 ppm. The ventilation rate of the rooms varied from 0.8 to 12.5 m 3 /s over the year. Odor emission rates ranged from 7.7 to 269.2 OU m −2 s −1 and did not show an obvious seasonal pattern ( fig. 3b ). As shown in table 2, there were no significant differences between the four nursery rooms for odor concentration and emission rate (P > 0.05), but the odor concentrations and emission rates of the nursery rooms showed significant seasonal variations (table 3; P < 0.05).
Finishing Rooms
Odor measurements for the finishing rooms were taken in the early afternoon between 14:00 and 16:00 h. The age of the pigs in the different finishing rooms at different times of the year were also often different, which resulted in different temperature requirements. The room temperature varied between 15.0°C and 32.1°C, while the ambient temperature ranged from −19.8°C to 30.3°C. Odor concentration was high in winter and low in summer ( fig. 4a ), as was CO 2 concentration. Odor concentration ranged from 446 to 7,797 OU/m 3 , while CO 2 concentration varied between 475 and 3,856 ppm. The ventilation rate of the rooms ranged from 6.5 m 3 /s in winter to 46.6 m 3 /s in the warm season. As shown in figure 4b, odor emission rates had the lowest value (11.7 OU m −2 s −1 ) in November, peaked at 137.7 OU m −2 s −1 in June, and showed no obvious seasonal variation pattern. The results in table 2 indicate that the odor concentration of room FN3 was significantly lower than that of the other two rooms (P < 0.05), but no significant difference was found for the odor emission rates of the three rooms (P > 0.05) due to the large variation in the data. The results in table 3 also indicate that odor concentrations and emission rates of the finishing rooms varied significantly throughout the year (P < 0.05).
Comparison of the Four Types of Rooms
Large seasonal variations in odor concentrations and emission rates were found in all the rooms. These results indicate that the use of randomly measured odor emission rates for odor dispersion modeling or setback modeling may result in great uncertainty. Table 3 summarizes the geometric means of the odor concentrations and emission rates for each type of room. Gestation rooms had the lowest odor concentration, which was significantly lower than that of the nursery and finishing rooms (P < 0.05). Farrowing rooms did not show significant difference with the other types of rooms (P > 0.05). Nursery rooms had the highest odor concentrations. Odor emission rates were lowest in the gestation rooms and highest in the finishing rooms, and significant differences were found between the four types of rooms (P < 0.05). Large standard deviations reflect the large variations in odor concentrations and emissions throughout the year. Odor emission rates on an animal unit basis were 46, 279, 359, and 287 OU AU −1 s −1 for the gestation, farrowing, nursery, and finishing barns, respectively.
The annual mean animal units were 2321, 469, 671, and 1525, and the annual mean odor emission rates were 10,6753, 13,0773, 24,0864, and 43,7882 OU/s for the gestation, farrowing, nursery, and finishing barns, respectively. Hence, the finishing barn was the largest odor source of the four barns.
The results obtained from this study were compared with those of other studies. Zhang et al. (2005) measured odor emissions from two swine farrowing farms for two summers in Manitoba, Canada. These farms are on the Canadian Prairies, as are the farms in this study. The geometric means of odor emission rates were 7.6 and 11.6 OU m −2 s −1 for the gestation barns and 22.7 and 23.0 OU m −2 s −1 for the farrowing barns, which are in the same ranges as the results obtained in this study. Large variations in odor concentration and emissions were also observed in their study (Zhang et al. 2005) . Zhang et al. (2003) measured odor emissions from ten swine farms in Manitoba, Canada, during the period from May to October. Each farm was measured three times. The average odor concentrations of the barns ranged from 131 to 1,842 OU/m 3 (varied between 79 and 4,635 OU/m 3 ), and odor emission rates ranged from 12 to 39 OU m −2 s −1 (varied between 2 and 70 OU m −2 s −1 ). Odor concentration was found to be higher in the nursery barns than in the gestation barn, but there was no significant difference between farrowing and nursery barns nor between farrowing and gestation barns. Odor emission rates from the farrowing and nursery barns were higher than those from the gestation barns (P < 0.05), and there was no difference in the emission rate between farrowing and nursery barns (P > 0.05). No comparisons were made between the finishing barns and the other types of barns. The results were consistent with those obtained in this study. Zhou and Zhang (2003) found that odor concentrations increased significantly with decreases in the ambient temperature (P < 0.05), as was observed in this study. The maximum odor concentration and emission rates obtained in this study were higher than those reported by Zhou and Zhang (2003) because the measurements in that study were taken between May and October and the highest odor concentration occurred during the coldest month of January, as measured by this study. Wood et al. (2001) summarized the odor emission rates of swine barns as reported by researchers in the U.S. and the Netherlands (Zhu et al., 2000b; Verdoes and Ogink, 1997; Klarenbeek, 1985) . The ranges of odor emission rates for gestation, farrowing, nursery, and finishing barns ranged were 4.8 to 21.3, 3.2 to 47.7, 6.7 to 47.7, and 1.4 to 19.2 OU m −2 s −1 , respectively. The results obtained from the current study fall into the same ranges except for the results from the finishing barns, which were higher than those in these references. Wood et al. (2001) also summarized the odor emissions measured in Minnesota from 6 to 28 swine farms over a three-year period from 1998-2001 and concluded that the odor emissions varied greatly; the means and ranges of odor emissions from the four types of barns were 12.6 (1.2 to 192), 4.8 (0.1 to 16.7), 8.7 (1.5 to 97.1), and 6.9 (0.1 to 745) OU m −2 s −1 , respectively. Heber et al. (1998) measured odor emission rates from four mechanically ventilated swine finishing houses between April and August. The buildings had long-term manure storage beneath fully slatted floors. The mean odor concentration of 109 measurements was 142 OU/m 3 , and the odor emission rate was 5.0 OU m −2 s −1 . Odor emission rates were measured from two nursery rooms in Indiana from March to May (Lim et al., 2001 ). The rooms were mechanically ventilated with long-term manure storage pits under wire floors. The mean odor concentration was 199 OU/m 3 . The mean net odor emission rate from the two nursery rooms was 34 OU AU −1 s −1 , or 1.8 OU m −2 s −1 . These results were lower than the results obtained by the current study. The difference between the odor concentrations and emission rates obtained in the cold Canadian Prairies in the current study and the results obtained by Heber et al. (1998) and Lim et al. (2001) may be mainly due to the climate differences and other factors such as differences between building systems, manure management, and odor measurement methods in the field and olfactometry laboratories.
CORRELATION OF ODOR CONCENTRATIONS AND EMISSIONS WITH THE RELATED FACTORS
Seasonal variations of odor concentration were observed in all rooms. Many factors contributed to the odor concentra-tions and emission rates of a room, including ambient and room temperatures, ventilation rate, animal number and weight, manure handling, cleanliness of the room, etc. Among these factors, ambient air temperature is the main climatic parameter that determines the ventilation rate and temperature of a room. Animal number and weight can be represented by the number of animal units. Room temperature is dependent on the ambient temperature and animal age. For each type of barn, the manure handling and cleanliness of all rooms were similar under the same management, except that there might be variations in manure composition due to different diets fed to different ages of pigs and manure levels in the pits. However, these data were not available.
Hence, the possible correlation between the odor concentration and emission rate for each type of barn with the ambient air temperature, room temperature, and animal units in the room were analyzed. The results indicated that odor concentration was significantly related to the ambient temperature for all four types of barn (P < 0.01), which is consistent with the conclusion of Zhou and Zhang (2003) . It was also significantly related to room temperature in the gestation and finishing barns (P < 0.05), but the room temperature effect was not significant for the farrowing and nursery barns (P > 0.05). Odor concentration was also significantly affected by the number of animal units for the gestations and farrowing barns (P < 0.05), but not for the nursery and finishing barns. Odor emission rate was not significantly affected by ambient and room temperatures but was affected by the number of animal units, except in the finishing barn (P < 0.05). Zhou and Zhang (2003) also found that odor emission rate was not affected by ambient temperature.
A linear relationship between the odor concentration and the three related factors takes the following form:
where OC = odor concentration (OU/m 3 ) t o = ambient temperature (°C) t i = room temperature (°C) AU = animal unit of the room (1 AU = 500 kg of pig weight) a, b, c, d = constants generated from the measured data using PROC REG (SAS, 1999) , listed in table 4. As indicated in table 4, odor concentration was inversely related to ambient temperature for all four barns. The lower the ambient temperature was, the higher the odor concentration would be due to the reduced ventilation rate. The odor concentration was positively linearly related to room temperature, except in the nursery barn. The effect of animal units on odor concentration was not conclusive for the four barns. The r 2 of the regression equations were between 0.41 (nursery barn) and 0.67 (finishing barn).
Since odor concentration was significantly related to the ambient temperature for all four types of barns (P < 0.01), a second-order polynomial relationship between odor concentration and ambient temperature was obtained for each type of room. The r 2 values were 0.76, 0.63, and 0.65 for the gestation, farrowing, and finishing rooms, respectively. Figure 5 shows the correlation of odor concentration and ambient temperature for the finishing rooms. The nursery rooms did not have a strong correlation between odor concentration and ambient temperature (r 2 = 0.38). The reason might be that the great difference between room temperature of the nursery rooms and the ambient temperature (average 25.0°C and 7.9°C, respectively) required a very low ventilation rate, which made the ventilation rate rely less on the ambient temperature than it did in the other types of rooms.
It is assumed that as pig mass per unit area increases, the odor emission rate also increases. This assumption was used by most setback distance guidelines developed by researchers and governments (Guo et al., 2004) . As stated previously, the effect of animal units on odor concentration and emissions was not conclusive for the four types of swine rooms. In the nursery rooms, average pig density varied from 16 to 91 kg/m 2 , while in the finishing rooms it ranged between 6 and 138 kg/m 2 over the year. No correlation was found between odor concentration or odor emission rate and pig density for both types of rooms (P > 0.05). Low odor concentration and emissions sometimes occurred when pig densities were high, and sometimes high odor emissions were found when pig densities were low. Therefore, animal units or animal density of nursery and finishing barns may not represent the odor concentrations and emissions.
CORRELATION BETWEEN ODOR AND CO 2 CONCENTRATION
The correlation between odor and CO 2 concentrations was explored using the data obtained from this study. A second-order polynomial relationship between odor and CO 2 concentrations was determined for the four types of rooms: Table 5 lists the correlation coefficients of the regression equations. The gestation rooms had the highest r 2 value (0.75), while the nursery rooms had the lowest value (0.43). The regression equations were different for each type of room. The very low value of constant a suggests that a linear relationship between odor concentration and ambient temperature may also be used. The results indicate that CO 2 may be used as an odor indicator in swine barns. Figure 6 shows the correlation of odor and CO 2 concentrations for the gestation rooms.
CONCLUSIONS
S Odor concentrations from all four types of swine barn varied over the year (P < 0.05), being high in winter and low in summer. Odor emission rates also varied throughout the year (P < 0.05) but did not show a specific seasonal pattern. The geometric mean of odor emission rates measured in different seasons could be used to represent the typical odor emission condition of an odor source, but the maximum odor emission rate measured represents the worst-case scenario. S Odor concentration was highest in the nursery rooms, followed by the finishing, farrowing, and gestation rooms. Odor emission rate was the highest from the finishing rooms, followed by the nursery, farrowing, and gestation rooms. S Odor concentration was affected mainly by ambient temperature for all types of barns (P < 0.01). Room temperature and number of animal units affected odor concentrations and emissions to a lesser extent. Odor concentrations could be predicted by linear regression equations using room and ambient temperatures and animal units (r 2 = 0.58 to 0.67), except for the nursery rooms. Odor concentration also had a second-order polynomial relationship with ambient temperature (r 2 = 0.63 to 0.76), except for the nursery rooms. The odor emission rate was not significantly related to the room and ambient temperature and animal units (P > 0.05). S Animal density in the nursery and finishing rooms had no significant effect on odor concentrations and emission rates (P > 0.05). S Odor concentration had a second-order polynomial relationship with CO 2 concentration (r 2 = 0.51 to 0.75), expect for the nursery rooms. S The ventilation rate estimation based on the CO 2 mass balance method was much lower than the actual values. The reasons might be that the CO 2 production rates found in the ASAE Standards (ASAE Standards, 2004) may be lower than the actual values, or the CO 2 produced by the manure in the rooms was not negligible.
